Antennas for portable devices may be small in terms of [2] :
1. electrical size. The antenna can be physically bounded by a sphere having a radius equal to freespace /2 . Planar inverted-F antennas with shorting pins or/and slots are typical examples of this category. 2. physical size. An antenna which is not electrically small may feature a substantial size reduction in one dimension or plane. Microstrip patch antennas with ultra low profiles belong to this category. 3. function. An antenna which is not electrically or physically small in size may possess additional functions without any increase in size. Dielectric resonator antennas operating in multiple modes fit this definition.
Therefore, the miniaturization of antennas for portable devices can be carried out in various ways because basically, the research and development of antenna technology are application-oriented.
With the rapid increase in the number of mobile portable devices, many technologies have been developed to miniaturize the antennas. The technologies can be broadly classified as follows:
The design and optimization of antenna geometric/mechanical structures, in particular,
the shape and orientation of the radiators, loading, as well as the feeding network. This is a conventional approach and most often employed in antenna design. Inverted-F antennas, top-loaded dipole antennas, and slotted planar antennas all fall into this category. 2. The use of non-conducting material. Antennas loaded with ferrite or high-permittivity dielectric materials (for instance, ceramics) are examples of this type of technology, as is the dielectric resonant antenna. 3. The application of special fabrication processes. The fabrication of printed circuit boards and low-temperature co-fired ceramics have made co-planar and multiple-layer microstrip patch antennas popular. Such technologies are conducive to the mass production of miniaturized antennas at low cost.
This book aims to introduce the advanced progress in miniaturizing antennas for portable mobile devices. The portable mobile devices will include: mobile phone handsets; RFID tags; laptops with embedded wireless local area network (WLAN) access points; medical devices for microwave thermal therapy; sensors installed on or above the human body; and ultra-wideband (UWB) based high-data-rate wireless connectors such as the wireless USB dongle. All of these portable mobile devices are widely used. The antennas used in them have become a bottleneck in the miniaturization of portable devices in terms of performance, size, and cost. The increasing design challenges have made the antenna design for portable devices much more critical than before.
In this book, various challenging design issues will be addressed from a technology and application point of view. Authors from both academia and industry will present the latest concepts, procedures, and solutions for practical antenna designs for portable devices. Several case studies will be provided, together with detailed descriptions of the technologies and systems. The term handset here covers almost all mobile devices such as mobile phones, camera phones, personal digital assistants, and any other handheld devices which are able to communicate through wireless networks or from device to device. The large number of antenna designs has been detailed in many references and published books. This chapter is mainly focused on the discussion of antennas operating in the environment of the handset and the influence of handset design on the potential RF performance. Much of the discussion will be of relevance to the industrial designer, the layout engineer, as well as the antenna engineer.
This chapter will treat the topics in the general order of the process by which the antenna designer will evaluate the target specifications from customers, the dimensions and configuration of the handset, and the local environment of the antenna relative to other components. After examining these factors, the antenna engineer will begin the design procedure by choosing potential electrical designs for the antenna by simulation and experiment, testing all the parameters of interest, optimizing the antenna performance before finalizing the design to be embedded into the handset devices.
In Chapter 3 a systematic description of antenna design issues related to the RFID system and tags is provided. The RFID is a technology which transmits data by using a mobile tag. The data will be read by an RFID reader and processed according to the needs of the particular application. The data transmitted by the tag may provide identification, location information, or specifics about the product tagged, such as price, colour, and date of purchase. RFID systems have been widely applied in tracking and access applications since the 1980s. Recently, RFID applications have increasingly captured the attention of academia and industry because of the growth in demand from sectors such as warehousing, libraries, retail, and car parks due to the great reduction in the cost of RFID systems, especially for tags with an antenna and microchip. This chapter will briefly introduce RFID systems in order to give readers a basic understanding of RFID operation and the requirements for RFID antennas, particularly tag antennas. Next, the RFID tag antenna design will be addressed. As the frequency used for RFID varies from very low (below 135 kHz) to millimetre wave (27.125 GHz), so will the antenna design. For near-field (inductively coupled) RFID systems, the antenna is made up of a coil with a specified inductance for circuit resonance with an adequate quality factor. For far-field (wave radiation) RFID systems, various types of antennas, such as the dipole antenna, meander line antenna, and patch antenna, can be used. Generally, a tag antenna must have the following characteristics: small size, omnidirectional or hemispherical radiation coverage, good impedance match, typically linear polarization or dual polarization, robustness, and low cost. This chapter also investigates the environment effect on RFID tag antennas. Tag antennas are always attached to specified objects, such as books, bottles, boxes, or containers. These objects may affect the performance of the tag antenna. The effects on the tag antennas will be severe when it is attached to metal objects or lossy materials. Some results are presented in the last part of this chapter.
Chapter 4 will discuss the integrated antenna design, test, and integration methodology for laptop computers as shown in Figure 1 .3. A laptop has a much larger potential surface area for the antenna than a mobile phone. However, unlike the handsets of mobile phones, the laptop enclosure is intentionally designed to prevent electromagnetic emissions and, as a consequence, RF emissions. In addition, laptop users do not expect antenna protrusions as normally found on mobile phones. Two key parameters are proposed and discussed for laptop antenna design and evaluation: standing wave ratio (SWR) and average antenna gain. Though seemingly obvious, a novel averaging technique is developed and applied to yield a measurable, repeatable, and generalized metric.
The chapter covers three major topics. First, it discusses the antenna locations on laptops, particularly on the laptop display. Actual measurements are performed at different locations using an inverted-F antenna. The measurements indicate that the antenna location effects on the radiation patterns and SWR bandwidth. The second topic discusses link budget calculations. These calculations relate the antenna average gain value to wireless communication performance such as data rate or coverage distance. The third topic covers some practical antenna designs used in laptops for Bluetooth ™ and WLAN. A PC card version of the wireless system is also discussed and compared with the integrated version. An integrated wireless system always outperforms the PC card version. This chapter emphasizes practicality by extensive measurements and using actual laptop antennas.
Chapter 5 introduces the antenna design for portable medical devices. This is the only chapter in the book which does not involve wireless communications but microwave-based applications. It exhibits the wide coverage of antenna technology for antenna researchers working on wireless communications as shown in Figure 1 .4.
Recently, a variety of microwave-based medical applications have been widely investigated and reported. In particular, minimally invasive microwave thermal therapies using thin antennas are of great interest, among them the interstitial microwave hyperthermia and microwave coagulation therapy for medical treatment of cancer, cardiac catheter ablation for ventricular arrhythmia treatment, and thermal treatment of benign prostatic hypertrophy. The principle of the hyperthermic treatment for cancer is described, and some heating schemes using microwave techniques are explained. Next, a coaxial-slot antenna, which is a type of thin coaxial antenna, and array applicators comprised of several coaxial-slot antennas are also introduced. Moreover, some fundamental characteristics of the coaxial-slot antenna and the array applicators, such as the specific absorption rate, temperature distributions around the antennas inside the human body, and the current distributions on the antenna, are described by employing the finite-difference time domain (FDTD) calculations and the temperature computations inside the biological tissues by solving the bioheat transfer equation. Finally, some results of actual clinical trials using the proposed coaxial-slot antennas are explained from a technical point of view. In addition, other therapeutic applications of the coaxial-slot antennas such as the coagulation therapy for hepatocellular carcinoma, the hyperthermic treatment for brain tumours, and the intracavitary hyperthermia for bile duct carcinoma are introduced.
Chapter 6 briefly introduces the wireless personal area networks (WPAN) and the progression to body area networks (BAN), highlighting the properties and applications of such networks. Figure 1 .5 shows the scenario where the antenna is installed on the human body (phantom) in simulation. The main characteristics of body-worn antennas, their design requirements, and theoretical considerations are discussed. The effects of antenna types on radio channels in bodycentric networks are demonstrated. In order to give a clearer picture of the practical considerations required in antenna design for body-worn devices deployed in commercial applications, a case study is presented with a detailed analysis of the design and performance enhancement procedures to obtain the optimum antenna system for healthcare sensors.
Communication technologies are heading towards a future with user-specified information easily accessible whenever and wherever required. In order to ensure the smooth transition of information from surrounding networks and shared devices, there is a need for computing and communication equipment to be body-centric. The antenna is an essential part of the wireless body-centric network. Its complexity not only depends on the radio transceiver requirements but also on the propagation characteristics of the surrounding environment. For the long to short wave radio communications, conventional antennas have proven to be more than sufficient to provide the desired performance, minimizing the constraints on the cost and time spent on producing such antennas. On the other hand, for the communication devices today and in the future, the antenna is required to perform more than one task, or in other words, the antenna will be needed to operate at different frequencies so as to account for the increasing introduction of new technologies and services available to the user. Therefore, careful consideration is required for antennas applied in body-worn devices, which are often hidden, small in size, and light in weight.
In Chapter 7, the final chapter of this book, the UWB, an emerging technology for short-range high-data-rate wireless connections, high-accuracy image radar, and localization systems is introduced. Due to the extremely broad bandwidth and carrier-free features, antenna design is facing many challenges. The conventional design considerations are insufficient to evaluate and guide the design. Therefore, this chapter will begin with a discussion of the special design considerations for UWB antennas. The design considerations reflect the uniqueness of the UWB system requirements for the antennas. In accordance with these considerations, the antennas suitable for portable mobile UWB devices are presented. In particular, this chapter elaborates the design and state of the art of the planar UWB antennas. The latest developed UWB antennas will be reviewed with illustrations as well as simulated and measured data. Finally, a new concept for the design of small UWB antennas with reduced ground plane effect is introduced and applied to practical scenarios. Two versions of the small printed UWB antennas designed for wireless USB dongles installed on laptop computers are investigated in the case studies. Figure 1 .6 shows an antenna embedded into a UWB-based wireless USB dongle.
As the design of antennas for portable devices is an area of rapidly growing research and development, this book is expected to provide readers with the fundamental issues and solutions to existing as well as forthcoming applications.
